mammals. There is even some evidence of such "choice" occurring in humans, but for now, we are going to focus on animals.
Why should we care? If we only think about an individual animal, it does not seem very important to know if a mother gives birth to more sons or daughters. But let us think about this on a community level. Ideally, a community or population would maintain a : sex ratio SEX RATIO the number of females in a population relative to males. For example, if a population of animals had females and males, the sex ratio would be : . You may also see this expressed as : .
(i.e., % females and % males). When a population of animals is small, such as endangered Sumatran tigers, it is very important to know how many males and females there are. If there are not enough females in a population, then there would not be enough mothers, and the population will continue to become smaller. If that happens, that population could die out. So, having a way to control whether a mother has sons or daughters can be good for the whole species. By studying sex ratio biases, scientists could use this information to help increase the number of females in a population. In turn, this could help these populations recover.
MOTHERS PROVIDE ENERGY AND RESOURCES
We used to believe that parents generate a : sex ratio, so that they had equal chances of having a son or daughter. However, in , two scientists called Robert Trivers and Dan Willard challenged this theory. They published a paper that said that animals are "selfish" and that they should manipulate the sex of their o spring to maximize their own reproductive success [ ]. You can think of sex determination as a game, where the end goal is to make sure that your babies survive to find mates and make babies of their own.
Sons and daughters represent di erent costs to the mother. Generally, in the animal kingdom, sons are more "expensive" for a mother to produce, as they tend to be larger and more colorful. The mother provides resources (such as glucose, various vitamins, minerals, and hormones) for her young, both when she makes the egg and when she HORMONE A substance produced in the body that influences the way the body grows or develops and helps the body respond to changes in the environment. raises her young [ ]. However, these resources are allocated di erently between sons and daughters, as they have di erent requirements. Think about peacocks, for example. A peahen (female) is quite small and her feathers are a dull brown. In comparison, a peacock (male) is bigger, very brightly colored, and has long, elaborate tail feathers. These long, brightly colored tail feathers allow a male to attract a mate. It takes a lot of energy to make these feathers, which is why sons are considered "expensive." The energy to grow elaborate feathers comes from the male himself, but his mother gives him extra hormones and other resources to keep him healthy and help ensure that he can grow a long, colorful tail. This initial maternal investment helps her young to survive. animals must be physically strong and healthy. A good environment has lots of food and water, few predators, and is easier to survive in. If the mother lives in a poor environment, a son may not survive, since he is bigger and needs more food, while a daughter is more likely to survive.
WHY PRODUCE "EXPENSIVE" SONS?
So, why would a mother choose to put her resources toward having an "expensive" son? Remember, the aim of this game is to have o spring that go on to produce their own o spring. It is in the best interest of mothers to produce the o spring that is most likely to survive and reproduce, thus passing on their genes. A son might be more
GENE
Instructions encoded within the DNA. Genes control the physical or behavioral features of plants and animals, and they are passed on from the parents to the o spring.
expensive to produce, but he is able to mate with many females and sire more o spring than a daughter could. So, you can think of having a daughter as being the dependable choice: a daughter will almost always be able to find a mate, but she can only produce a few o spring. However, a son is more of a gamble: a son must compete with other males for a mate; if he wins, he can have lots of o spring with multiple mates. However, if he loses, he would not have any o spring. Because having a son is more of a gamble, a mother who is in good condition and lives in a good environment can a ord to take this "high risk/high reward" strategy and produce a big healthy son, who might outcompete other males, mate with lots of females, and generate many grandchildren (see Figure ) .
WHAT FACTORS CAN AFFECT OFFSPRING SEX?
But exactly how does this work? To be honest, we do not know! There are lots of scientists all over the world that are trying to crack the pairs of chromosomes is called the "sex chromosomes" and the sex chromosomes control whether o spring are male or female. The sex chromosomes are separated when male and female sex cells (gametes) are formed. The male gametes are the sperm, and the female gametes are the eggs. During fertilization, gametes combine to eventually form an embryo.
In mammals, females have two X sex chromosomes. Males have an X and a Y. Since male mammals donate sperm containing either an X or Y chromosome, but female mammals only have X chromosomes, scientists used to believe that the / chance of ending up with either a son or daughter was all dependent on the father. However, recent studies have shown that there are variations in the size and shape of sperm that a ect which sperm combines with the egg, and therefore whether the resulting o spring is male or female [ ]. We also know that a female can influence which chromosome is used, based on her body condition and her environment. So, now we know that both mothers and fathers can influence whether they have sons or daughters.
Sex chromosomes work the opposite way in birds! Female birds have two di erent sex chromosomes (Z and W), while male birds have two Z chromosomes. In birds, the female donates either a Z or a W chromosome to the egg, which determines whether she has sons or daughters. Female birds seem to be able to adjust which sex chromosome the egg receives as a response to the environment [ ]. For example, there is a species of parrot living in New Zealand called the kakapo. Kakapo are critically endangered, with only of them remaining in the entire world. Female kakapo must be in good condition to breed, so biologists were feeding them extra food. However, the females then began having only sons! The biologists then performed an experiment [ ]: they continued to feed the kakapo, but only small females were allowed to eat as much as they wanted. The kakapo had enough food to stay healthy and breed, but not so much as to gain a lot of weight, which would cause them to have only sons. Then they tallied how many sons and daughters were produced by these birds. Under the new feeding plan, since some females were lighter than others, the chicks had a : sex ratio! Khan Why Does a Mother Have Sons or Daughters? Figure   Figure Changes in the external environment a ect the mother's body, such as her hormone levels and her body condition. Stressors are events that cause stress to an animal, for example, a cat chasing a mouse is a stressor for the mouse. The mother's internal environment (her body condition) a ects whether she has sons or daughters.
to trigger a "son-making" mode or a "daughter-making" mode, in response to their environments (see Figure ) . Much of this is due to the action of hormones.
Hormones are substances secreted by glands in the body that regulate the functions of many cells and organs. Testosterone (the "male" hormone) and oestrogen (the "female" hormone) can both a ect o spring sex ratio. However, other hormones can also a ect o spring sex ratio, including stress hormones (called corticosterone in birds and rodents and cortisol in most mammals). For example, if female Japanese quail is given extra corticosterone by scientists, thus increasing their stress level, they produce more daughters than sons [ ].
HORMONES SERVE AS THE LINK BETWEEN THE EXTERNAL AND INTERNAL ENVIRONMENTS
Hormones are mediators between the external environment and MEDIATOR A substance or structure that controls or regulates a specific response in the body. For example, a hormone is considered a mediator, because it controls how the body responds to changes in the environment. the body's condition, or the internal environment. This means that, when something changes in the external environment, hormones make changes in the body so that the animal can cope with the environmental change. We know that if a female lives in a good environment, she will be in much better physical condition than a female that lives in a poor environment. Part of this is simply because a good environment has lots of food available, so the female is getting the nutrition and energy that she needs. A good environment also usually has fewer predators, or less disturbance (such as from humans logging forests), so this female would also be under less stress. Stress a ects the body because the body re-directs energy from other body processes, such as digestion or reproduction, and puts that energy toward short-term survival. The stress response gives the body the energy to escape or survive the stressful situation. For example, if a mouse sees a cat, the mouse becomes stressed, due to a surge in stress hormones, and the mouse's body uses up extra energy to help it run away and avoid being eaten! Hormones also interact and a ect each other. For example, high levels of the stress hormone corticosterone leads to more daughters, while high levels of testosterone result in more sons [ ]. High corticosterone also reduces the production of testosterone, but these hormones naturally vary in concentration throughout the year, so it can be di cult to determine which hormone is driving sex allocation.
SUMMARY
We know mothers provide sons and daughters with di erent amounts of resources and energy. As a result, many female animals "choose" whether to have sons or daughters, based on their environment and their own body condition, thereby increasing her chances of having grandchildren and passing on her genes. Right now, scientists all over the world are trying to figure out exactly how these hormones interact and how the entire mechanism of sex determination works. So far, we have discovered many pieces of the puzzle, but it will take years for scientists to fully understand how animals influence the sex of their o spring.
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